Background: Preterm infants are at increased risk of sudden infant death syndrome (SIDS). Use of a dummy/ pacifier is thought to be protective against SIDS; accordingly, we assessed the effects of dummy/pacifier use on blood pressure, cerebral oxygenation, and heart rate control over the first 6 mo of life after term corrected age (CA) when SIDS risk is greatest. Methods: Thirty-five preterm infants were studied longitudinally at 2-4 wk, 2-3 mo, and 5-6 mo CA. Cardiac control was assessed from spectral indices of heart rate variability (HRV) in the low frequency (LF) and the high frequency (HF) range, and the ratio of HF/LF indicating sympathovagal balance was calculated. results: Overall, at 2-3 mo, mean arterial pressure was significantly higher in the supine position in dummy/pacifier users in both quiet sleep (70 ± 2 vs. 60 ± 2 mm Hg; P < 0.05) and active sleep (74 ± 3 vs. 69 ± 2 mm Hg; P < 0.05). Dummy/pacifier users had higher LF HRV and LF/HF ratio and lower HF HRV. conclusion: Dummy/pacifier use increased blood pressure during sleep, at the age of greatest SIDS risk. Overall, LF HRV was elevated and HF HRV reduced in dummy/pacifier users, suggesting that dummy use alters cardiac control in preterm infants.
t he rates of preterm birth are increasing and now account for over 10% of live births annually worldwide (1) . Preterm infants are at significantly increased risk of the sudden infant death syndrome (SIDS) (2, 3) , with 29% of SIDS victims being born preterm (4) . SIDS is believed to involve an uncompensated cardiovascular event during sleep, in conjunction with failure of the life-saving arousal response (5, 6) . We have previously shown that preterm infants exhibit immature control of heart rate (HR) and blood pressure which persists for 6 mo past term-equivalent age and have suggested that this may underlie their increased risk for SIDS (7) (8) (9) . Furthermore, we have recently reported that blood pressure and cerebral oxygenation are reduced in preterm compared with age-matched term infants, and this is most marked when they sleep prone (10) , the major risk factor for SIDS.
Epidemiological studies have consistently shown that infants who regularly use a dummy or pacifier are at a lower risk for SIDS (11) even in prone sleeping infants (12) . Reflecting the strength of this evidence, the American Academy of Pediatrics has recommended that dummy/pacifiers are offered to infants during sleep after breastfeeding has been established (13) . However, this recommendation has not been adopted by all countries (11) . In part, the reluctance to recommend dummy/ pacifier use has been due to the lack of evidence of the mechanism underpinning the protective effects, particularly as the dummy/pacifier falls out of the mouth soon after sleep onset (14, 15) . Furthermore, there are concerns that dummy/pacifier use may adversely impact on breastfeeding (16) .
In term-born infants, early studies have demonstrated that sucking on a dummy/pacifier was associated with increased sympathetic activation during sleep (17) . Recently, we have shown that term infants who regularly use a dummy/pacifier have a higher blood pressure and increased heart rate variability (HRV), indicating increased sympathetic tone, which may serve as a protective mechanism against possible hypotension during sleep and thus be protective against SIDS (18) . To date, no studies have examined the effects of dummy/pacifier use on blood pressure, cardiovascular control, and cerebral oxygenation in preterm infants across the age when SIDS risk is greatest.
Thus, we aimed to assess heart rate, blood pressure, and cerebral oxygenation and heart rate control during prone and supine sleep in preterm infants who regularly used a dummy/ pacifier and those who did not across the first 6 mo after termequivalent age when most SIDS deaths occur. We hypothesized that blood pressure and cerebral oxygenation would be elevated and that heart rate control would be improved in dummy/pacifier users, and these effects would be most marked in the prone sleeping position.
RESULTS
Infants were divided into two groups: those who regularly used a dummy/pacifier (n = 19 at 2-4 wk; n = 22 at 2-3 mo; n = 19 at 5-6 mo) and those who did not (n = 12 at 2-4 wk; n = 6 at 2-3 mo; n = 9 at 5-6 mo). Two dummy/pacifier users were excluded at study 1 and one dummy/pacifier was excluded from study 2 due to lack of suitable data. There were 14 infants who consistently used a dummy/pacifier and 4 infants who consistently did not use a dummy/pacifier at all three studies.
Demographics of the infants studied are presented in Table 1 . There were no differences in the gestational age (GA) at birth, GA, or weight between groups at the time of the three studies. Socioeconomic status was derived from the Australian Bureau of Statistics Index of Relative Socio-economic Advantage/ Disadvantage (SEIFA) 2011 national census data based on postal code (19) .The SEIFA score has a mean of 1,000 with an SD of 100 and is presented as a raw score, with a higher score being indicative of higher income, education, employment, occupation, and housing. At 2-4 wk and 5-6 mo, those infants who routinely used a dummy came from a higher socioe conomic status. The majority of infants were breastfed Values are mean ± SeM. *P < 0.01; **P < 0.001. GA, gestational age at birth. Including all the epochs in dummy/pacifier users at 2-4 wk corrected age (CA) and 5-6 mo CA, there were no differences identified in HR, systolic arterial pressure, mean arterial pressure, diastolic arterial pressure, or tissue oxygenation index (TOI) between infants who regularly used a dummy/pacifier and those who did not in either sleep state or position (Figure 1 ). At 2-3 mo CA, there was a pattern for dummy/pacifier users to have a lower HR; however, this failed to reach statistical significance in either the prone or supine (P = 0.078) position. Mean arterial pressure was significantly higher at 2-3 mo CA in the supine position in those infants who used a dummy/pacifier compared with those infants who did not in both quiet sleep (QS) (70 ± 2 vs. 60 ± 2 mm Hg; P < 0.05) and active sleep (AS) (74 ± 3 vs. 69 ± 2 mm Hg; P < 0.05). Similarly, systolic arterial pressure and diastolic arterial pressure were also significantly higher (P < 0.05) in the supine position in those infants who used a dummy/pacifier compared with those infants who did not. TOI was not different between the groups in either sleep state or position. At 2-4 wk and 2-3 mo, sleep state had an effect on mean arterial pressure which was significantly higher in AS compared with QS in both the prone and supine positions in both groups. There were no effects of sleep state on HR or TOI at any age.
When data for the nonsucking epochs only in the dummy/ pacifier users were compared with those in nondummy/ pacifier users, results were similar with the additional finding that overall HR was also lower in the dummy/pacifier users at 2-4 wk ( Table 2) .
Effects of Dummy/Pacifier Use on HR Control
When all epochs were analyzed in dummy users, at 2-4 wk CA, LF HRV and total power were higher in dummy/pacifier users in QS in both the supine and prone positions (P < 0.001 and P < 0.01, respectively) ( Figure 2) . Additionally, the LF/ HF ratio was also higher in dummy/pacifier users in the prone position (P < 0.05). No differences were identified between groups in AS.
At 2-3 mo CA, HF HRV was lower in dummy/pacifier users in QS, reaching significance in the prone position (P < 0.05). The LF/HF ratio was higher in dummy/pacifier users in QS in both the prone (P < 0.05) and supine (P < 0.01) positions. Again, there were no differences between groups in AS.
At 5-6 mo, LF HRV was elevated in the supine position in QS in dummy/pacifier users (P < 0.05). HF HRV was lower in dummy/pacifier users in QS in both positions. Overall, the LF/HF ratio was also elevated in dummy/pacifier users, reaching statistical significance in QS in both the supine and prone positions and in AS in the supine position (P < 0.05 for all). Articles Horne et al.
When data for the nonsucking epochs only in the dummy/ pacifier users were compared with those in nondummy/ pacifier users, results were similar (Table 3) ; however, post hoc analysis could not identify where the differences lay. Specifically, at 2-4 wk, overall LF power, LF/HF, and total power were significantly greater in dummy/pacifier users compared with nondummy users in both AS and QS. There were no differences at 2-3 mo. At 5-6 mo, overall HF was significantly lower in dummy/pacifier users compared with nondummy/pacifier users in both the prone (P < 0.001) and supine (P < 0.05) positions, and the LF/HF power ratio overall was significantly greater in dummy/pacifier users compared with nondummy/pacifier users in both the prone (P < 0.05) and supine (P < 0.001) positions. Mean values for heart rate variability in the prone and supine positions in active sleep and quiet sleep for low frequency (LF) at (a) 2-4 wk, (e) 2-3 mo, and (i) 5-6 mo; high frequency (HF) at (b) 2-4 wk, (f) 2-3 mo, and (j) 5-6 mo; HF/LF ratio at (c) 2-4 wk, (g) 2-3 mo, and (k) 5-6 mo; and total power at (d) 2-4 wk, (h) 2-3 mo, and (l) 5-6 mo corrected age. Dummy/pacifier users are indicated by the black bars and nondummy/pacifier users by the white bars. Values are mean ± SEM. *P < 0.05; **P < 0.01; †P < 0.001. 
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Articles DISCUSSION Regular dummy/pacifier use has consistently been shown to be associated with a reduced SIDS risk in epidemiological studies; however, the mechanism for this reduced risk is currently unknown. Preterm infants are at increased risk for SIDS compared with term-born infants. This was the first study to investigate blood pressure, HR, and cerebral oxygenation and heart rate control in preterm infants who regularly used a dummy/ pacifier and those who did not. We had hypothesized that to be protective, use of a dummy/pacifier would increase blood pressure, HR, and cerebral oxygenation and improve heart rate control, and this would be most marked in the prone sleeping position. We identified that at 2-3 mo of age, blood pressure was overall significantly higher in both sleep states by 5-10 mm Hg in those infants who regularly used a dummy/ pacifier. In contrast, heart rate tended to be lower in dummy/ pacifier users, and there was no overall difference in cerebral TOI. Overall, LF HRV was elevated and HF HRV reduced in infants who used a dummy/pacifier, suggesting that dummy/ pacifier use alters cardiac control in preterm infants. These findings suggest that use of a dummy/pacifier may be protective through increases in blood pressure and improvement in autonomic control of heart rate. Analysis of our data only during periods of nonsucking in the dummy/pacifier users was consistent with the data when both sucking and nonsucking epochs were included, suggesting that the effects of dummy/ pacifier use are not simply related to sucking epochs. The mechanism responsible for higher blood pressure in dummy/pacifier users is unclear; however, it is possible that active dummy/pacifier sucking may increase overall sympathetic vascular tone contributing to increased vascular resistance and thus elevated blood pressure. It is also possible that increased oscillations in blood pressure due to active sucking may improve baroreflex sensitivity keeping blood pressure within tighter limits. In term infants, we have previously identified that baroreflex sensitivity tended to be higher in conjunction with elevated blood pressure at 2-4 wk of age in those infants who used a dummy/pacifier (18) . We have also identified that preterm infants have lower blood pressure and cerebral oxygenation compared with age-matched term-born infants across the first 6 mo of life, and this was most marked when infants slept prone (10) . Any factor which increases blood pressure may act to protect preterm infants from any adverse cardiovascular event during sleep. We had hypothesized that dummy/pacifier use would also increase cerebral oxygenation; however, we did not identify any differences between groups at any age studied.
Our finding of an overall elevated LF HRV and total HRV power in dummy/pacifier users at 2-4 wk and increased LF/HF ratio at all three ages particularly in QS suggests that dummy/ pacifier users had altered autonomic control of heart rate. The finding of elevated LF HRV suggests that dummy/pacifier users had increased sympathetic activation. At 2-3 and 5-6 mo, these infants also had lower HF HRV indicating reduced parasympathetic activation and a resultant increased LF/HF ratio. In contrast, Franco et al. (17) found that dummy/pacifier Articles Horne et al.
users had decreased sympathetic activation and increased parasympathetic activation of HR compared with infants who had never used a dummy/pacifier. We know that postnatal age has a significant effect on autonomic control of HR (8, 20) so the differences between our findings and those of Franco et al. may have been due to the wide age range (6-18 wk) of infants they studied. In a similarly designed study in term infants, we have previously shown that HRV was elevated in the supine position but only at 2-4 wk of age (18) . The differences in findings between these studies may be due to the innate differences in autonomic control between preterm born infants and those born at term which we have previously reported (8) .
A novel aspect of this study was that we followed the infants longitudinally across the first 6 mo of life when 90% of SIDS infants die. Interestingly, we found that dummy/pacifier use was not consistent across the ages, with only 14 infants consistently using a pacifier and 4 infants consistently not using a dummy/pacifier at all three studies. The majority of epidemiological studies have identified that the consistency of pacifier use is important for any protective effect (11) . Our analysis took this into account by grouping infants at each age into those who were regularly using a dummy/pacifier at the time of the study and those who did not.
Nonnutritive sucking is a normal reflex in both the fetus and newborn infant, and the pacifier has been used to fulfill this innate desire for more than 2,000 y. It is estimated that about 75% of children in Western countries are offered a dummy/pacifier at some time (21) . Surprisingly, the infants from more socioeconomically advantaged families were more likely to be given a dummy/pacifier. However, it must be noted that although this was statistically significant, the differences between the groups were within one SD so were not of any clinical significance. The major reason that infants are given a dummy/pacifier is to soothe them with the aim of increasing sleep time (22) . In our study, we found no difference in sleep or awake time between the two groups of infants. Consistent with our findings, previous studies in term-born infants have also found no differences in sleep duration between dummy/ pacifier users and nonusers in either overnight (14) or daytime sleep studies (15, 23) .
In this study, the majority of infants were breastfed at 2-4 wk (23/31) and at 2-3 mo (19/28) . Even at 5-6 mo, when all infants had commenced solids, 13 out of 28 infants continued to be breastfed. Concerns have been raised that giving an infant a dummy/pacifier will have adverse effects on the initiation and maintenance of breastfeeding. However, a recent Cochrane review in 1,302 healthy full-term newborns who had initiated breastfeeding found no significant effects of dummy/pacifier use on the duration of breastfeeding (24) . Although a small study, our data also suggest that dummy/pacifier use is not detrimental to the initiation or maintenance of breastfeeding.
We acknowledge that there are limitations to this study which may have affected our results. Firstly, the group of infants studied was small, and pacifier use varied across the ages, with few infants not using a pacifier at 2-3 mo of age. Secondly, all the infants studied, despite being born preterm, were at low risk for SIDS, they all routinely slept supine at home, had not been exposed to maternal smoking either before or after birth, and the majority were breastfed. Thirdly, our studies were carried out during the daytime. In young infants, sleep times are scheduled around feeding, and the infants in this study had both a morning and afternoon sleep interrupted by a midday feed when sleeping position was changed. The infants recruited were not clinical subjects referred for a diagnostic sleep study, and carrying out overnight polysomnography would have severely restricted recruitment. Finally, epidemiological studies have identified that the peak in SIDS deaths occurs at a slightly earlier postterm CA, 7-9 wk CA depending on GA at birth, for preterm compared with term infants (25) . In this study, we chose to investigate term and preterm infants at similar postterm CAs to enable comparison at equivalent developmental ages (10) . It may be that the cardiovascular differences we observed were in fact underestimated as our infants were studied at a slightly older age than that of peak SIDS risk in preterm infants.
In conclusion, dummy/pacifier use in preterm-born infants increased blood pressure during sleep, at the age of greatest SIDS risk. Overall, LF HRV was elevated, HF HRV reduced, and the LF/HF ratio increased in infants who used a dummy suggesting that dummy/pacifier use alters cardiac control in preterm infants. An elevated blood pressure and improved control of heart rate may protect preterm infants from possible hypotension during sleep and thus may play a protective role in the fatal event of SIDS.
METHODS

Subjects
Ethical approval was obtained from the Monash Health and Monash University human research ethics committees. Written parental consent was obtained, and no monetary incentive was provided for participation.
Thirty-five preterm infants (21 male, 14 female) born at 26-36 wk of GA (mean GA: 31.2 ± 0.4, mean birth weight: 1,697 ± 92 g) with Apgar scores ranging from 2 to 9 (median: 6) at 1 min and 7 to 9 (median: 9) at 5 min were recruited. Infants were not recruited if they were intrauterine growth restricted and had major congenital abnormalities, a hemodynamically significant patent ductus arteriosus, significant intraventricular hemorrhage (grade III or IV), or chronic lung disease requiring ongoing respiratory stimulant medication or oxygen therapy at term-equivalent age. All infants were appropriately grown for GA, born to nonsmoking mothers, had no family history of SIDS, and routinely slept supine at home.
Twenty-four infants were studied on three occasions at 2-4 wk, 2-3 mo, and 5-6 mo postterm CA; 7 were studied at only 2-4 wk CA, and 4 were studied only at 2-3 mo and 5-6 mo CA.
Protocol
Infants were studied with daytime polysomnography performed between 0900 and 1700 h in a sleep laboratory with constant temperature (22-23 °C), dim lighting, and quiet conditions. Infants slept both prone and supine with sleep position changed following a midday feed, and the initial sleep position randomized between infants and studies.
Electrodes including electroencephalogram (C4/A1 and O2/A1), electrooculogram, submental electromyogram, electrocardiogram, thoracic and abdominal respiratory movements (Resp-ez bands; EPM Systems, Midlothian, VA), and arterial oxygen saturation (Masimo, Frenchs Forest, NSW, Australia) were applied during a morning feed. In addition, blood pressure was measured noninvasively in 1-2-min epochs using a photoplethysmographic cuff (Finapres Medical Systems, Amsterdam, The Netherlands) placed around the infant's wrist (26) .
